Roles of bicarbonate, cAMP, and protein tyrosine phosphorylation on capacitation and the spontaneous acrosome reaction of hamster sperm.
Capacitation is a prerequisite for successful fertilization by mammalian spermatozoa. This process is generally observed in vitro in defined NaHCO3-buffered media and has been shown to be associated with changes in cAMP metabolism and protein tyrosine phosphorylation. In this study, we observed that when NaHCO3 was replaced by 4-(2-hydroxyethyl)1-piperazine ethanesulfonic acid (HEPES), hamster sperm capacitation, measured as the ability of the sperm to undergo a spontaneous acrosome reaction, did not take place. Addition of 25 mM NaHCO3 to NaHCO3-free medium in which spermatozoa had been preincubated for 3.5 h, increased the percentage of spontaneous acrosome reactions from 0% to 80% in the following 4 h. Addition of anion transport blockers such as 4,4'-diiso thiocyano-2, 2'-stilbenedisulfonate (DIDS) or 4-acetomido-4'-isothiocyanatostilbene-2,2'-disulfonic acid (SITS) to the NaHCO3-containing medium inhibited the acrosome reaction, with maximal inhibition at 600 microM, and with an EC50 of 100 microM. Increasing either extracellular or intracellular pH did not induce the acrosome reaction in NaHCO3-free medium. In contrast, addition of 500 microM dibutyryl cAMP (dbcAMP), alone or together with 100 microM 1-methyl-3-isobutylxanthine (IBMX), induced the acrosome reaction in spermatozoa incubated in NaHCO3-free medium. These compounds also partially reversed the inhibition of the acrosome reaction caused by the DIDS or SITS in complete medium. In contrast to these results, IBMX or dbcAMP did not induce acrosome reactions in cells incubated in Ca2+-free medium. When hamster sperm were incubated in the absence of NaHCO3 or in the presence of NaHCO3 and DIDS, cAMP concentrations were significantly lower than the values obtained from sperm incubated in complete medium. Protein tyrosine phosphorylation has also been shown to be highly correlated with the onset of capacitation in many species. During the first hour of capacitation, an increase in protein tyrosine phosphorylation was observed in complete medium. In the absence of NaHCO3, the increase in protein tyrosine phosphorylation was delayed for 45 min, and this delay was overcome by the addition of dbcAMP and IBMX. The induction of the acrosome reaction by calcium ionophore A23187 in NaHCO3-free medium was delayed 2 h, as compared with control medium. This delay was not observed in the presence of dbcAMP and IBMX. Taken together, these results suggest that a cAMP pathway may mediate the role of NaHCO3 in the capacitation of hamster spermatozoa and that protein tyrosine phosphorylation is necessary but not sufficient for complete capacitation.